SUMMARY Cognitive functions were examined before operation and 4 weeks after operation with respect to pathology in 40 patients who underwent temporal lobectomy for epilepsy. Hippocampal sclerosis was associated with febrile convulsions, an earlier onset of regular seizures, poorer preoperative intelligence and with a tendency towards greater cognitive improvement across the operation than found in patients with tumour-like malformations or non-specific pathology. Damage to the amygdala was associated with a poorer outcome for the retention in memory of verbal and non-verbal material. The absence of any specific abnormality in the resected tissue was not associated with a poorer cognitive outcome 4 weeks after the operation.
Accepted 15 May 1986 ary to a generalised convulsion rather than its cause.5 Falconer3 further argued that if convulsions nurture the extent of mesial temporal sclerosis, then temporal lobectomy in children will prevent more widespread pathology, and this position has gained support.6 ' The development of the lesion may however involve a more complex mechanism of metabolic imbalance.8
Falconer9 related post-operative seizure frequency to neuropathology in a group of 100 chronic temporal lobe epileptics who were followed up for 1-24 years. Patients with mesial temporal sclerosis were more often fit-free after the operation (51% of cases) when compared with those with other pathology who were combined to form a single group (34% fit-free). Successful outcome overall was defined as having fewer than three fits per year.'0 This was found in 60% of patients who had mesial temporal sclerosis and in 62% of patients with other specific lesions, but in only 32% of cases where specific lesions were not found. Only 4% of cases with mesial temporal sclerosis had seizure frequencies which were greater than 50% of the pre-operative number, whereas 26% of those with other lesions revealed this relatively poor outcome.
These data have recently received general support from a clinicopathological study of 249 temporal lobectomy cases operated on by Murray Falconer, and which represent the original Maudsley Series."
Forty-three percent of these patients were found to have Ammon's horn sclerosis and the lesion extended beyond the hippocampus in all of these cases. Febrile convulsions or birth injuries were found in 65% of patients, and 80% of those with mesial temporal 167 168 sclerosis had "improved" or "greatly improved" seizure frequencies post-operatively. Indefinite Neuropathological investigation Macroscopic details of the resected temporal lobe specimens were obtained from formal neuropathology reports. Information included details of external examination, weight of specimen and photographs of coronal slices. Slices were selected for embedding in paraffin wax and microscopy. All of this evidence was reviewed in the preparation of the present report.
Mesial temporal sclerosis was defined here by evidence for lesions in both the hippocampus and amygdala (loss of nerve cells and astrocytosis).
Results
Distribution ofpathology variables (see table 1) The frequency of occurrence of mesial temporal sclerosis (20% of cases) was lower than that reported in previous studies,3 " but the incidence of hippocampal sclerosis was more similar (60%) to that reported for mesial temporal sclerosis in other studies. Frequencies of cysts and tumours were lower than those found by Falconer. A smaller proportion of patients with non-specific abnormalities or with apparently normal specimens may well reflect differences in selection of patients for the operation in the current series. 18/24 (75%) of patients who had hippocampal sclerosis or mesial temporal sclerosis, whereas only two of the remaining 16 patients (13%) with other specific pathology or non-specific abnormality/normal specimens had an early onset of regular seizures, and one of these cases had hippocampal sclerosis with additional malformation (chi squared = 12-6, p < 0.001). The difference between age at operation and age of onset of regular seizures represents the duration of epilepsy; however, differences between hippocampal sclerosis, other specific pathology and non-specific normal specimen groups were non-significant for this measure (F 2, 35 = 1[83).
Febrile convulsions were found together with hippocampal sclerosis and with an early onset of regular seizures in 10/11 patients (91%). Seven remaining cases who had hippocampal sclerosis or mesial temporal sclerosis and an early onset of regular seizures had anoxia or suspected head injury before 4 years of age. However, suspicion of early brain damage was found in only 1/6 (17%) patients with hippocampal sclerosis and a later onset of regular seizures (chi squared = 9 57, p < 0-01). Hence there was a close association between hippocampal lesions, early onset of regular seizures and suspected brain damage in infancy.
All patients with mesial temporal sclerosis or nonspecific abnormality/normal specimens had low frequencies of generalised seizures (less than 1 per year), whereas patients with other specific pathology had relatively high numbers of generalised seizures. Differences in the frequencies of generalised seizures between hippocampal sclerosis, other specific pathology and non-specific abnormality/normal specimens groups were however non-significant (F 2,35 = 1-61). Frequencies of partial seizures were more similar between groups. Once more patients with non-specific abnormality/normal specimens tended to have fewer seizures, and again variance in hippocampal sclerosis and other specific pathology groups were large (F 2,35 = 0 84). Weights of resected specimens differed significantly between groups (F 2,33 = 4-7, p < 0-02), being heaviest in patients without specific abnormality, and lightest in cases where hippocampal sclerosis was found (see table 2 ). More generally, there was a tendency for more tissue to be removed during right temporal lobectomy (42-9 + 13 5 g) than in left temporal lobectomy (36-2 + 6-2 g) cases (t 1,28 = -1-98, Neuropathology and cognitivefunctioning 169 p < 006). This may reflect that atrophy is more commonly found in the left temporal cases to some extent.The interaction between side of lobectomy and pathology with respect to weight was not significant; (F 2, 29 = 0-47).
Frequencies of generalised and partial seizures, age at operation, duration of epilepsy and weight of resected specimens were also examined by pathology and side of operation. Interactions between side and pathology were significant only for age at operation (F 2,29 = 4 94, p < 0.02). Patients with right temporal lobectomy tended to be older at operation in those with other specific pathology (25-7 years) or nonspecific abnormality/normal specimens (35-5 years) rather than hippocampal sclerosis (19-8) whereas left temporal lobectomy patients were older in those with other specific pathology (22-8 years) or hippocampal sclerosis (24 5) and youngest in those with nonspecific abnormality/normal specimens (16 years). This interaction was also significant when only hippocampal sclerosis and other pathology groups were considered (F 1,35 = 6-18, p < 0-02); paired comparisons revealed significant differences between right temporal cases with hippocampal sclerosis or other pathology (t 1,19 = 2-34, p < 0 04) but not between left temporal cases with hippocampal sclerosis or other pathology (t 1,16 = 134).
The presence or absence of lesions in the amygdala (where known) or the length of resected hippocampus, was not associated with significant differences in clinical variables. One exception was a higher frequency of partial seizures in patients with lesions in the amygdala (49.2 ± 36 0), in contrast to those where no evidence of amygdaloid damage was found (14-0 ± 15 2), (t 1,16 = 3 46, p < 0-003).
Cognitive Variables and Pathology Differences in cognitive variables between pathology groups and side of lesion were investigated preoperatively, 4 weeks postoperatively and as change scores across the operation using analysis of variance.
Predictions were made regarding patients with mesial temporal sclerosis; however, few cases in the sample fulfilled the criteria for such a classification, and analysis concentrated on differences between the larger hippocampal sclerosis group (which includes mesial temporal sclerosis cases) and patients who had other pathology. table 1 ). The remaining 16 patients formed a heterogenous "other pathology" group which included cases with tumour-like malformations and a normal (n = 8) or abnormal (n = 2) hippocampus and others with non-specific lesions or normal specimens (n = 6).
(a) Intelligence (see table 3 and fig 1) Analysis of variance between hippocampal sclerosis and other specific pathology groups by side of lobectomy did not reveal significant interactions for VIQ, PIQ, SIQ or VIQ-PIQ differences pre-or post-operatively or for change scores across the operation. Hence differences beween pathology groups were not found with respect to side of operation.
Differences between pathology groups were however found independently of the side of operation. Verbal IQ was higher in other pathology cases than in hippocampal sclerosis cases pre-operatively (F 1,29 = 7-56, p < 0-01). Significant changes in VIQ were not found across the operation (F 1,26 = 0-48, p > 0 05), although a tendency for VIQ to fall in other pathology cases led to postoperative differences which only approached significance (F 1,32 = 3 38, p < 0-08).
Performance IQ was also found to be higher in (b) Memory (see table 4 and fig 2) The expected total score in a group of normal subjects would be approximately 18 5 for total immediate verbal recall20 and a few points before this score for delayed recall.2' Considering pre-operative immediate verbal recall, an interaction between pathology and side of lobectomy was found (F 1,3 = 10-3, p < 0 004). Both left and right temporal cases with hippocampal sclerosis scored 16-9; however left temporal lobectomy patients with other pathology had a poor recall (mean total score = 9 0) whereas right lobectomy cases with other pathology had an above average recall (mean total score = 22 4). A similar interaction was found post-operatively (F 1,3 = 6-40, p < 0 02); For this reason differences in cognitive functioning were examined in patients with non-specific abnormality/normal specimens (NS) despite the small numbers (n = 6).
Differences of intelligence variables between hippocampal sclerosis, other specific pathology (OSP) and non-specific abnormality/normal specimens groups were found to be non-significant by analysis of variance (p > 0-05), with the exception of pre-operative VIQ (F 2,29 = 4-2, p < 0-03). However, VIQ in the non-specific abnormality/normal specimens group was not below the average for a normal population and was midway between the other two groups (see table 3 ).
With regard to memory, differences were found 30-a j20--10-E E " 0-Neuropathology and cognitive functioning between groups pre-operatively for both delayed (F 2,29 = 4.5, p < 0.02) and percent (F 2-29 = 3.2, p < 0-05) recall of the Rey figure. In both cases scoring by the non-specific abnormality/normal specimens group approximated to that of the hippocampal sclerosis group and was lower than that found in the other pathology group (see table 4 ). Across the operation immediate verbal recall worsened slightly in the hippocampal sclerosis group (-1-5 points) , and improved somewhat in other specific pathology cases (+ 2-9 points) 4 5 and markedly in non-specific abnormality/normal specimen cases (+ 9-0 points), these differences being significant overall (F 2,28 = 6-9, p < 0-005).
These results do not support the view that nonspecific abnormality/normal specimens cases have a relatively poor outcome, at least shortly after operation. Memory and amygdaloid lesions (see table 4) Thirteen patients were found to have lesions in the amygdala. Of these, seven had sclerosis which extended to the hippocampus. The remaining six revealed tumour-like lesions, and one of these also had an abnormal hippocampus. Patients in this group were compared with others where no evidence for amygdaloid damage was found (n = 22). Five additional patients were excluded because it was not known whether or not amygdaloid lesions had occurred.
Differences were not found for any verbal or nonverbal test pre-or post-operatively using t tests. However, changes across the operation varied between groups. Percent recall of short prose passages improved in patients with a normal amygdala (AN), increasing by + 19-6 + 28-7%, whereas a decrease of -0.5 + 17-6% was found in cases where damage to the amygdala (AD) was evident (t 1,25 = 2-07, p < 0.05). If no damage to the amygdala was found delayed recall of the Rey figure improved across the operation by +2-3 + 5*0 points, but worsened in cases with amygdaloid lesions by -4-2 + 8-4 points (t 1,23 = 2-60, p < 0 03). Percent recall of the Rey figure also improved across the operation in cases with a normal amygdyla by 4.5 + 9.7 points and worsened by -10-7 + 18-5 points in cases with a normal amygdyla (t 1,14 = 2-5, p < 0 03).
In summary these results indicate changes across the operation which result in improved verbal and non-verbal retention in patients where no evidence for damage to the amygdala was found but poorer retention in cases with amygdaloid lesions. When groups were further subdivided into patients with hippocampal sclerosis only, amygdaloid lesions only, pathology in both of these structures or in neither, differences in memory tasks did not form any clear pattern.
173
Memory and the length of resected hippocampus In 10 patients only the pes or anterior part of the hippocampus was present in the resected specimen. These were compared with seven patients in which the body of the hippocampus was also included. Differences between groups were not found by t test for any memory tests whether pre-or post-operative, verbal or non-verbal.
Weight ofresected tissue and cognitivefunctioning Correlations between intelligence variables and the weight of resected tissue did not approach significance (p > 0-05). However association between resected weight and immediate verbal recall approached significance pre-operatively (r (32) = 0-28, p < 0-06) and became significant postoperatively (r (35) = 0 45, p < 0 003). Delayed verbal memory correlated with weight resected both before (r (32) = 0-32, p < 0-04) and after operation (r (33) = 0 30, p < 0-05). Correlations between non-verbal memory and weight were non-significant. These results imply better memory with increased weight of resected tissue. However, this does not imply that outcome for memory is dependent on the weight of resected tissue because change scores across the operation were non-significant. This finding could be more easily explained by differences in weight between pathology groups as the latter revealed memory differences also.
Discussion
The clear association between the presence of hippocampal sclerosis or mesial temporal sclerosis, early onset of regular seizures and suspicion of brain damage from febrile convulsions or trauma in infancy lends support to the findings of Falconer.3 Taken together with a low incidence of generalised seizures in patients in the hippocampal sclerosis group, these results are consistent with the view that hippocampal sclerosis or mesial temporal sclerosis is related to early anoxia3 or metabolic imbalance8 rather than being the result of generalised seizures. The virtual absence of febrile convulsions and the presence of relatively high frequencies of generalised seizures in patients with other specific pathology also supports this position. Where non-specific lesions or a normal resected specimen was found, no generalised seizures were reported and the aetiology of epilepsy in this group is less easily postulated. Longer term outcome of seizure frequency has previously been found to be poorest in patients with non-specific abnormality/normal specimens.9 It is therefore encouraging that the proportion of cases belonging in this category has fallen from 26% in the Falconer series" to 15% in patients reported here, suggesting 174 improvement in selection of candidates for lobectomy in this respect.
Reports from large scale studies have failed to find IQ deficits in children who had febrile convulsions, except for cases known previously to have neurological abnormalities. 23 24 However, present findings indicate that IQ may be lower in an additional sub-section of patients who had febrile convulsions and later developed temporal lobe epilepsy. As these cases were adult when tested, the longer term effects of seizures and presence of hippocampal sclerosis cannot however be dissociated from febrile convulsions as being contributory to lower preoperative IQ. Increased severity of brain damage, a greater possibility of bilateral impairment and reduced brain plasticity might occur in patients with a longer duration of intractable epilepsy, and early operations have been recommended in order to prevent more widespread development of mesial temporal sclerosis.3 6 Different durations of epilepsy between groups could have potentially confounding effects on analyses of cognitive functioning with respect to pathology because greater impairment could be associated with a longer history of regular seizures rather than pathology. However, this was not found to be the case in the current series where the time between age at onset of regular seizures and age at operation did not vary significantly between groups.
Pre-operative intellectual functioning was in general mildly below average in the hippocampal sclerosis group and somewhat above average in the other pathology group. The mean discrepancy of 16-5 IQ points for VIQ and 11 1 IQ points for PIQ between these two groups indicates poorer pre-operative intellectual ability in hippocampal sclerosis patients (see table 3 ). Bearing in mind the poorer intellectual functioning reported in patients who have an earlier onset of epilepsy'6 17 and the strong association between hippocampal sclerosis and early onset of regular seizures, this finding is consistent with the prediction that cognitive functioning would be worse in patients who have hippocampal sclerosis and an early onset of regular seizures. However, it was also postulated that hippocampal sclerosis cases would improve more across the operation, and although changes were in the expected direction, the evidence here is less clear. A more crucial test of this hypothesis requires a longer term follow-up especially as post-operative improvements in IQ have been reported to continue for some years after temporal lobectomy.25
With regard to memory, no overall differences were found between pathology groups, and scores approximated to those expected in the normal population. However, when account was taken of the side of lobectomy a complex picture emerged. It became McMillan, Powell, Janota, Polkey apparent that the presence of other pathology in the left temporal lobe was associated with an especially poor verbal memory. This is in direct contrast to the above average verbal memory found when other pathology occurred in the right temporal lobe. These findings could suggest that whereas the verbal memory abilities of an undamaged left temporal lobe are relatively unaffected by contralateral temporal lobe impairment, an undamaged right temporal lobe is unable to subserve verbal memory functions adequately when functions of the left lobe are impaired. Pre-operative differences in verbal memory were unremarkable between left and right cases with hippocampal sclerosis, and overall mild impairment placed these groups intermediately between left and right temporal cases with other pathology (see fig 2) .
A possible explanation of these findings would be that the mature brain is less able to compensate for brain damage and also that hippocampal sclerosis has more deleterious consequences for verbal memory. This could account for the poor verbal memory in left temporal cases with other pathology because the mature brain was less able to compensate pre-or post-operatively. Right temporal patients with other pathology were relatively unaffected despite a later onset of seizures because the left temporal lobe normally subserves verbal memory. Concerning hippocampal sclerosis, such cases may have been more able to adapt pre-operatively because of the earlier onset of brain injury. Here, left temporal lobectomy is more likely to have resulted in the removal of tissue which may never have subserved memory function because of the early onset of the lesion. Hence interference by the epileptic focus with other brain areas which may have substituted for the damaged left temporal region and become involved with verbal memory, was removed by the operation allowing verbal retention to improve. In right temporal cases with hippocampal sclerosis, the decrease in verbal retention across the operation was therefore unexpected, and recovery to result in little overall change or improvement might be predicted at longer term follow-up.
Significant effects were not found for non-verbal memory. This may indicate that whereas verbal memory is more sensitive to dysfunction and may be subserved by other brain areas with more difficulty, non-verbal memory develops in a relatively robust fashion, and may readily map more easily on to a greater variety of brain areas. The absence of specific lesions did not reflect clear abnormality or poorer cognitive functioning despite the greater weight of resected tissue in these cases. It has been reported that outcome in terms of seizure frequency is poorer in this group.9' The present findings are not necessarily inconsistent with those for seizure outcome, because the latter is reported at long
